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Initial Results and 
Next Steps




Future Work: Updating the Global Surface UHI Explorer
Iterative Procedure to Create Area-Normalized Rural References
Data Source
Vectorizing Global Urban Raster Datasets
➢ Capabilities of Google Earth 
Engine (GEE) and ArcGIS 
combined to create temporally 
consistent urban boundaries
➢ Initial vectorization is done using 
GEE, with cleaning and final 
merging automated using ArcPy
Background and 
Relevance
Spatial Inconsistencies in Previous Studies
The Urban Heat Island (UHI) Effect





➢ Identical buffer 
width as rural 
reference
➢ Inconsistent rural 
references
Cities are hotter 
than surroundings; 





The Simplified Urban-Extent (SUE) Algorithm
Calculate area of 
urban cluster 
Create buffers of 
different widths 
around cluster
Calculate area of 
buffered cluster
Subtract buffered 
cluster area from 
thrice the area of 
urban cluster
Choose the buffered 





➢ Units of calculations remain unchanged over time, unlike reality
➢ Rural references do not account for temporally varying urban 
boundaries
20151992
El Paso across the 
US-Mexican border
Example of an 
urban area 
sprawling over a 
national 
boundary
Select urban land 








Separate for each country
to avoid computational
limitations




overlap for the 
next step
Dissolve polygons 




Create -1 m buffer 
for each polygon 




country borders and 
diagonal pixels
Separates all urban 
clusters into 
individual clusters
To account for the 
initial buffer  
created




1992: ~411,000 (72,465 after 
filtering out small clusters)
2015: ~840,000 
➢ For the iteration, a step-
size of 300 m is used to 
be consistent with the 
resolution of the ESA 
CCI data
➢ Produced rural references 
are roughly twice the 
area of the corresponding 
urban clusters
Examples of urban clusters, along 
with their area-normalized rural 
references, for Los Angeles (above) 
and around Shanghai (right)
Significant 
increase in 
urban area from 




Traditional urban-rural delineations may overestimate long-term 
changes in UHI intensity, particularly in the tropics 
➢ Link to Global Surface UHI Explorer web app:
https://yceo.users.earthengine.app/view/uhimap
➢ Research summary and more information about the app: 
https://yceo.yale.edu/research/global-surface-uhi-explorer
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➢ The European Space Agency 
(ESA) Climate Change 
Initiative (CCI) yearly land 
cover data from 1992 to 2015
➢ Classifies the Earth’s surface 
into 37 categories, based on the 
United Nations Land Cover 
Classification System, at 300 m 
resolution
➢ Urban pixels from data used to 
create maps of temporally-
consistent urban clusters
